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ABSTRACT 



PROBLEM TO BE SOLVED: To provide a single crystal manufacturing apparatus which 
manufactures a single crystal S of a semiconductor by melting a semiconductor material in 
a crucible 3 and immersing a seed crystal 9 into a molten liquid L thereof, then gradually 
pulling the single crystal and which has a cooling body 22 for cooling the single crystal S 
to be grown and a liquid cooling structure 21 joined thereto and can sufficiently assure the ■ 
heat-conduction capability in the junction between the cooling body 22 and the structure 
21. 



SOLUTION: The single crystal manufacturing apparatus is characterized in that the 
cooling body 22 is made of a high thermal conductive material and that the junction 
between the cooling body 22 and the structure 21 is explosively joined. The cooling body 
22 has an approximately rotationally symmetric shape with respect to the central axis of 
the single crystal S to be grown and is arranged in a position where the radiation heat from 
the crucible and the molten liquid toward the single crystal is shut off. The cooling body is 
joined to the structure 22 at the top end of the cooling body 22. A part or the whole of the 
cooling body 22 is made of silver or silver alloy. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In a single crystal manufacturing installation which manufactures a single crystal of a semiconductor 
by pulling up gradually after carrying out melting of the semiconductor material within a crucible and 
making a seed crystal immersed into this melting liquid, 

A single crystal manufacturing installation which it has the following, and said cooling body consists of 
high-heat-conductivity material, and is characterized by coming to carry out explosive-bonding 
junction of the joined part of said cooling body and a liquid cooling structure. 
A cooling body which cools a single crystal which grows. 
A liquid cooling structure joined to this cooling body. 

[Claim 2] 

The single crystal manufacturing installation according to claim 1 having arranged said cooling body at 
a position which makes approximately rotational symmetry shape to a medial axis of a single crystal 
which grows, and intercepts radiant heat from a crucible or melting liquid to a single crystal, and 
having joined it to said liquid cooling structure in an upper bed part of a cooling body. 
[Claim 3] 

The single crystal manufacturing installation according to claim 1 or 2, wherein a part or all of said 
cooling body is silver or a product made from a silver alloy. 
[Claim 4] 

The single crystal manufacturing installation according to any one of claims 1 to 3 having a thermal 
shield on a periphery of said cooling body. 



[Translation done.] 



http://www4.ipdl. inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http://www4.ipdLinpit.go.j... 2010/01/18 



JP,2004-224642,A [DETAILED DESCRIPTION] 



Page 1 of 11 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the single crystal manufacturing installation which grows a silicon single 
crystal especially with the Czochrlski method about the single crystal manufacturing installation 
which manufactures the single crystal of a semiconductor: 
[0002] 

[Description of the Prior Art] 

In the field of semiconductor manufacture, the Czochrlski method (CZ process) is generally used as a 
manufacturing method of a silicon single crystal from the former. In a CZ process, it can pull up 
gradually, carrying out melting of the semiconductor material within a crucible by heater heating into 
a chamber, making a seed crystal immersed into this melting liquid, and growing up a single crystal 
with a seed crystal as the starting point, and the single crystal of a semiconductor can be 
manufactured by this. 
[0003] 

In the single crystal manufacturing installation by a CZ process, it has a chamber which consists of a 
heating chamber in which the structure for semiconductor melting is mainly accommodated, and a 
raising chamber which stores the single crystal which can be pulled up. In the heating chamber, the 
heating heater arranged so that a lateral portion may be surrounded to the Lord of a crucible and this 
crucible is formed. The semiconductor material by which melting is carried out with a heating heater 
is accommodated in a crucible. It is connected to a drive via the axis of rotation, and this crucible 
rotates at the rate of predetermined with this drive during crystal raising. Usually, the crucible 
comprises a crucible made from black lead which protects this with a quartz crucible. 
[0004] 

On the other hand, the raising chamber comprises a middle chamber which plugs up the opening of a 
heating chamber, and a raising chamber which is located in the center section of this middle chamber, 
and mainly accommodates the single crystal under growth. In a raising chamber, the raising wire 
which inserted in the top wall and hung is provided, and the zipper holding a seed crystal is provided 
in the lower end of this raising wire. The upper bed side of this raising wire is wound around a wire 
loop wheel machine about. 

The single crystal under growth is pulled up at the rate of predetermined. 

Although thermal insulation is provided in the surroundings of the heating heater, this is to prevent 

the heat from a heating heater from escaping to the exterior of a heating chamber. 

[0005] 

Although argon gas is introduced from the gas inlet formed in the raising chamber in a chamber, this 
argon gas passes along the inside of a seat part from a gas inlet, flows in a heating chamber further, 
and is discharged from gas exhaust. 
[0006] 

In the silicon single crystal for semiconductor manufacture grown up by a CZ process, the method of 
lessening a rearrangement, various kinds of crystal defects, etc. as much as possible, and 
manufacturing a silicon single crystal at lower cost is called for. If the single crystal under raising is 
cooled quickly, it is known that growth of the core of the crystal defect currently called OSF and 
COP can be controlled, the rate of crystal growth will be increased simultaneously, and the 

http://www4.ipdl.inp^ 2010/01/18 



JP,2004-224642 5 A [DETAILED DESCRIPTION] 



Page 2 of 1 1 



productivity of single crystal manufacture can be improved. 
[0007] 

For example, it is the upper part of a crucible and the composition which allocates the radiation 
screen which consists of a taper part of the conical trapezoid which boiled therefore, whose diameter 
was reduced which goes caudad from the around flat tubular rim and its inner side end edge of a 
raising region of a single crystal is indicated by the patent documents 1. The radiant heat from a 
crucible, a heating heater, melt, etc. is intercepted with this radiation screen, and the temperature 
gradient in the raising direction of a single crystal is raised. 
[0008] 

Secondary radiant heat is emitted towards a single crystal, and the above-mentioned invention given 
in the patent documents 1 is not enough as the chilling effect of the single crystal itself, as a result 
of an elevated temperature's heating the radiation screen itself. It is formed with metal, melting 
degradation is carried out the SiC gas emitted from melt, or for an elevated temperature, and the 
radiation screen itself is short-life. Then, in the patent documents 2, the invention possessing the 
metal shielding members which attached the cooling method, and the shielding member made from 
black lead allocated by the periphery of these metal shielding members by separating an interval 
between this is indicated. The heat from the radiation heat source of a crucible, a heating heater, etc. 
is intercepted by the shielding member made from black lead, and the metal shielding members 
attached in the cooling water pipe, Or a single crystal and the metal shielding members which counter 
suppose that metal shielding members are not heated by the elevated temperature, therefore it does 
not act as a radiation heat source over a single crystal, as a result of carrying out forced cooling. 
[0009] 

In an invention given in the patent documents 2, the cooling water pipe attached to metal shielding 
members will approach to near the surface of melting liquid, and the danger in a safety aspect 
increases. That is, when the control device of movement of a crucible breaks down, some cooling 
water pipes will be immersed in melting liquid, as a result, a refrigerant will leak out, and it will mix in 
hot melting liquid. The upper part which is equipped with the thermal insulation member which covers 
the single crystal which grows in the patent documents 3, and the cooling method which cools the 
single crystal which grows and to which a cooling method changes from the duct system which 
circulates a liquid refrigerant, The device which comprises two portions with the lower part 
constituted as a cooling body which has high heat conductivity is indicated. Since the duct system 
which circulates a liquid refrigerant is arranged at the position which cannot touch melting liquid when 
it goes up to the maximum height which the crucible filled up with melting liquid may reach, it can be 
used as the impossible safe device of a liquid refrigerant contacting melting liquid. A duct system and 
the cooling body can constitute one functional unit which is held to a single crystal at the same axle, 
and encloses it, and can perform effective cooling of a single crystal which grows. 
[0010] 

It is necessary to form the cooling body in a device given in the patent documents 3 from material 

with high thermal conductivity, and this material must pollute neither melting liquid nor a single 

crystal. When a cooling body comprises silver or is coated with silver at least, it is preferred. 

By making black the inside of the cooling body which counters a single crystal, the thermal radiation 

which entered can be absorbed, and the outside of the cooling body which counters a thermal 

insulation member can be constituted so that the thermal radiation which entered may be reflected. 

[0011] 

It can be considered as a means it to be required between a duct system and a cooling body to 
seldom bar heat conduction, and to form a cooling method in one, or to carry out field contact of a 
duct system and the cooling body, and a screw or a bolt, a rivet, a staple and soldering, or a weld 
joint can be used. 
[0012] 

The cooling method of the patent documents 3 may be attached to a fixed position, or may be 
provided in shaft orientations so that a rise is possible. It is desirable when a cooling method is not 
needed in a heating process when fusing the semiconductor material prepared in the crucible at the 
time of the start of manufacture of a single crystal and, and it has composition which establishes a 
cooling method so that a rise is possible, and can be removed from a heating region. 
[0013] 
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In the patent documents 4, by allocating a thermal shield above a crucible with reverse conical shape, 
and contacting the cooling system which serves as a heat sink in the upper part of a thermal shield, 
the upper part and the omitted portion of a thermal shield can be cooled, and suppose that it 
becomes a Si single crystal possible to cool quickly. A cooling system and a thermal shield may be 
movable to a sliding direction, and may be the composition which a cooling system and a thermal 
shield are combined and these can move as one. It may have the composition that a refrigerant can 
be poured inside a cooling system or a thermal shield. The upper part and the cooling system of the 
thermal shield suppose that it is preferred to be formed with a thermally conductive good material 
which consists of ceramics, such as refractory metals and AIN(s), such as Mo, and SiC, etc., for 
example. 
[0014] 

In the patent documents 5, the water-cooled chamber of the doughnut shape which has a bigger 
inside diameter than the outer diameter of a crucible is provided, Attach the screen which comprised 
a large substance of thermal conductivity and a heat radiation rate to this water-cooled chamber, 
and this screen, A water-cooled chamber and the annular rim member attached with the big touch 
area, The device which has the leg member constituted so that prescribed distance alienation might 
be carried out with the raw material side where it was inclined and provided from the annular rim 
member, and the tip was dissolved so that it might not interfere with viewing from the outside of the 
dissolved raw material side is indicated. The radiant heat from a single crystal is incorporated into the 
leg member of a screen in the process in which a single crystal grows. Since a screen contacts a 
water-cooled chamber and is maintained at low temperature, its heat exchange with a single crystal 
is good, and raises the cooling rate of a single crystal. Therefore, the single crystal under raising can 
be quenched and generating of the crystal defect of a single crystal decreases extremely. 
[0015] 

In the thing of a statement, the screen constituted, for example from carbon, copper, etc. by the 
water-cooled chamber of the doughnut shape is attached to the patent documents 5 on the 
undersurface using a bolt etc., for example. It is desirable to attach or adjoin and to provide the heat 
blocking member for suppressing a heating heater and the dissolved heat loss from a raw material, for 
example, carbon felt, in a screen. 
[0016] 

In the silicon single crystal substrate for semiconductors, it is important to form a defect-free layer 
DZ layer in a substrate face. As a remains defect in a DZ layer, the void (opening defect) of 100 nm 
of diameter numbers in the crystal called COP (Crystal-Originated Particle) is made into the problem 
especially in recent years. In the patent documents 6, when an impurity content heat-treats a silicon 
semiconductor substrate for 1 hour or more in not less than 1000 ** a temperature requirement 
1300 ** or less in rare gas (especially argon gas) atmosphere of 5 ppm or less, It is indicated that 
creation of the quality DZ layer which reduced crystal defects, such as COP, substantially is possible. 

[0017] 

[Patent documents 1] 
JP,57-40119,B 
[Patent documents 2] 
JP,63-256593,A 
[Patent documents 3] 
JP.8-239291.A 
[Patent documents 4] 
JP.7-82084.A 
[Patent documents 5] 
JP.8-81294.A 
[Patent documents 6] 
JP,11-135511,A 
[0018] 

[Problem(s) to be Solved by the Invention] 

The cooling body of the patent documents 3, the thermal shield of the patent documents 4, and the 
screen (henceforth a "cooling body") of the patent documents 5, Neither has a liquid refrigerant but 
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it the doughnut shape water-cooled chamber (henceforth "a liquid cooling structure") of the duct 
system of the patent documents 3, the cooling system of the patent documents 4, and the patent 
documents 5, Since it is arranged at the position where a liquid cooling structure cannot touch 
melting liquid when it goes up to the maximum height which the crucible filled up with melting liquid 
may reach since it is connected to the upper part of a cooling body, it can be considered as the 
impossible safe device of a liquid refrigerant contacting melting liquid. 
[0019] 

Since itself is not cooled with a liquid refrigerant, the cooling body needs to consist of materials of 
high heat conductivity. It is necessary to have aluminum and the thermal conductivity more than 
equivalent at least. On the other hand, the material of a cooling body must pollute neither melting 
liquid nor a single crystal. Copper is not employable from a viewpoint of contamination, and since it 
functions as mixing aluminum in melting liquid as a dopant and the resistivity of a semiconductor is 
changed, it cannot be used. Therefore, as a material of a cooling body, gold, silver, or those alloys are 
preferred, and a viewpoint to the silver or the silver alloy of a manufacturing cost is the most 
preferred. 
[0020] 

In order to fully cool the single crystal by a cooling body, it is necessary to fully hold the temperature 
of a cooling body at low temperature, and, for that purpose, cooling to a liquid cooling structure must 
fully be secured from a cooling body. In the patent documents 3, both are fabricated to one or the 
joining structure of a cooling body and a liquid cooling structure is indicated to use a screw or a bolt, 
a rivet, a staple and soldering, or a weld joint. The patent documents 5 are indicated to attach a 
cooling body to the undersurface of a liquid cooling structure using a bolt etc. There is no statement 
of a joining method in the patent documents 4. 
[0021] 

It is very expensive although it is most preferred as above-mentioned to consider it as silver as a 
cooling body material. Since it will be necessary to also make both cooling body and liquid cooling 
structures into silver and the steep rise of a manufacturing cost will be caused if it is going to 
fabricate a cooling body and a liquid cooling structure to one, it is not actually employable. In the 
combination using a screw or a bolt, a rivet, and a staple. A gap cannot be prevented from occurring 
in the plane of composition of a cooling body and a liquid cooling structure, but as a result, the 
cooling capability of a cooling body is insufficient, the temperature of a cooling body rises, and there 
is a problem that it not only cannot fully cool a single crystal, but the life of a cooling body cannot 
fully hold it according to modification of a cooling body. 
[0022] 

As a liquid cooling structure material, stainless steel is the most preferred, and when cooling body 
material is made into silver as above-mentioned, it is the most preferred. If welding tries to perform 
junction to a cooling body and a liquid cooling structure, it will become silver and welding of dissimilar 
metals called stainless steel, and it will become difficult to form a healthy weld zone. If it tries to 
weld, holding the soundness of a weld zone, overall thickness of a cooling body may be unable to be 
welded and sufficient refrigeration capacity cannot be secured. 
[0023] 

Dissimilar metals are joinable if brazing and soldering (it names generically and is called brazing and 
soldering.) are adopted. However, when brazing and soldering are adopted, among the touch areas of 
a cooling body and a liquid cooling structure, the contact interval cannot only be 50 to 85%, and 
cannot join a contact portion thoroughly, and work has variation, and the stable contact interval 
cannot be maintained. Since a low melting point metal is contained in the Handaya wax material and 
an impurity can mix as flux, there is also a problem of contamination. 
[0024] 

As above, by the conventional method, it originated in the insufficient contact of a cooling body and a 
liquid cooling structure, and refrigeration capacity of the cooling body was not fully able to be 
secured. After this invention carries out melting of the semiconductor material within a crucible and 
makes a seed crystal immersed into this melting liquid, it is a single crystal manufacturing installation 
which manufactures the single crystal of a semiconductor by pulling up gradually. The purpose is to 
provide the single crystal manufacturing installation which has a cooling body which cools the single 
crystal which grows, and a liquid cooling structure joined to it, and can fully secure the thermal 
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performance in the joined part of a cooling body and a liquid cooling structure. 
[0025] 

[Means for Solving the Problem] 

That is, the place made into a gist of this invention is as follows. 

(1) In a single crystal manufacturing installation which manufactures the single crystal S of a 
semiconductor by pulling up gradually after carrying out melting of the semiconductor material within 
a crucible and making the seed crystal 9 immersed into this melting liquid L, A single crystal 
manufacturing installation characterized by having the cooling body 22 which cools the single crystal 
S which grows, and the liquid cooling structure 21 joined to the cooling body 22, and the cooling 
body's 22 consisting of high-heat-conductivity material, and coming to carry out explosive-bonding 
junction of the joined part of the cooling body 22 and the liquid cooling structure 21. 

(2) A single crystal manufacturing installation given in the above (1) having arranged the cooling body 
22 at a position which makes approximately rotational symmetry shape to a medial axis of the single 
crystal S which grows, and intercepts radiant heat from a crucible or melting liquid to a single crystal, 
and having joined it to the liquid cooling structure 21 in an upper bed part of the cooling body 22. 

(3) The above (1), wherein a part or all of the cooling body 22 is silver or a product made from a 
silver alloy, or a single crystal manufacturing installation given in (2): 

(4) The above (1) having the thermal shield 26 on a periphery of the cooling body 22 thru/or a single 
crystal manufacturing installation given in either of (3). 

[0026] 

Explosive bonding is the method of joining metal using momentary high energy which is also called 
explosive welding and is obtained by explosion of an explosive. Even if metal is dissimilar metals, they 
are joined completely in metal texture, and junction with sufficient intensity is performed easily. 
Therefore, also about a dissimilar metal joined part of the cooling bodies 22 of silver, and the liquid 
cooling structure 21 made from stainless steel. By considering it as the explosive-bonding joined part 
25 which performed explosive-bonding junction, a touch area can be joined thoroughly and heat 
transfer from the cooling body 22 to the liquid cooling structure 21 can form a very good joined part. 
As the result, refrigeration capacity of the single crystal S by the cooling body 22 can be raised, 
increase raising speed of the single crystal S, and single crystal manufacture productivity is improved, 
and crystal defect density in a single crystal can be reduced substantially. 
[0027] 

[Embodiment of the Invention] 

The single crystal manufacturing installation shown in drawing 1 has a mechanism in which the 
member and the grown-up single crystal for fusing a semiconductor material are pulled up etc., The 
member for semiconductor material melting is accommodated in the heating chamber 2a, and the 
mechanism in which a single crystal is pulled up is formed in the inside and the exterior of raising 
chamber 2b which constitute a part of superstructure body made disengageable from this heating 
chamber 2a. Besides, the part structure object also has the middle chamber 2c. 
[0028] 

In the heating chamber 2a, the crucible 3 which accommodates the melting liquid L is formed, this 
crucible 3 is supported with the axis of rotation 5, enabling free rotation and rise and fall, and rotation 
and rise and fall are made by the drive which does not illustrate the axis of rotation 5. A drive rotates 
the crucible 3 at regular predetermined number of rotations, in order to raise the crucible 3 by oil- 
level fall that the oil-level fall accompanying raising of the single crystal S should be compensated 
and to stir the melting liquid L. 
[0029] 

The crucible 3 comprises as usual the quartz crucible 3a and the crucible 3b made from black lead 
which protects this. It is arranged so that the heating heater 4 to which the side wall part of the 
crucible 3 is made to carry out melting of the silicon may enclose the circumference. It is provided in 
the outside of this heating heater 4 so that the thermal insulation 12 which prevents the heat from 
this heating heater 4 from being directly radiated on the heating chamber 2a may enclose that 
circumference. 
[0030] 

An end is attached to the wire loop wheel machine 1 1, in raising chamber 2b, the raising wire 8 which 
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inserted in the top wall of the ceiling part of the middle chamber 2c, and was hung down and lowered 
is formed, and the zipper 10 holding the seed crystal 9 is attached to the lower end of this raising 
wire 8 at it The wire loop wheel machine 8 pulls up the single crystal S which grows up to be the 
lower end side of the seed crystal 9 gradually according to the growth rate, and is made to always 
rotate it contrary to the hand of cut of the crucible 3 simultaneously. 
[0031] 

Argon gas is introduced from the gas inlet 13 formed in the seat part of raising chamber 2b, and after 
this argon gas circulates the inside of the heating chamber 2a, it is discharged from the gas exhaust 
14. Thus, it is for making it not make SiO gas or CO gas emitted in the chamber 2 in connection with 
melting of the silicon by heating of the heating heater 4 mix in silicon melt, as mentioned above to 
circulate argon gas in the chamber 2. 
[0032] 

Above the crucible in a chamber, the liquid cooling structure 21 and the cooling body 22 are arranged 
so that the single crystal which grows may be surrounded. The liquid cooling structure 21 is a 
structure which circulated the refrigerant of the fluid inside. In the embodiment shown in drawing 1 - 
drawing 3 , the liquid cooling structure 21 is constituted as a water-cooled chamber made from 
stainless steel which used water as the refrigerant. 
[0033] 

The cooling body 22 which consists of high-heat-conductivity material is arranged so that the single 
crystal S which grows may be cooled. Although it can choose from the large substance of thermal 
conductivity and a heat radiation rate, for example, silver, a silver alloy, carbon, copper, etc. as a 
material which constitutes the cooling body 22, when thermal conductivity uses silver or a silver alloy, 
it is the most preferred as a material without the concern which pollutes melting liquid and a single 
crystal simultaneously highly. The method of coating the surface of copper or a copper alloy with 
gold, silver, or those alloys is also employable. 
[0034] 

The cooling body 22 is joined to the liquid cooling structure 21, and the joined part of the cooling 
body 22 and the liquid cooling structure 21 constitutes the explosive-bonding joined part 25 by which 
explosive-bonding junction was carried out. In explosive bonding, a suitable interval is opened and the 
materials to join are arranged in parallel. If a suitable quantity of an explosive is carried via shock 
absorbing material on one material and the end is exploded with a percussion cap, both materials 
collide with advance of explosion, in a collision point, with the deformation velocity and the high 
voltage in which both metal is very big, the action like viscous fluid will be shown and a metaled jet 
will occur ahead from a collision point. Since the oxide film of a surface of metal and the adsorption 
layer of gas are removed by this metal jet, the clean surface which appeared sticks with high voltage, 
and joins both materials completely in metal texture. 
[0035] 

In processing of explosive bonding of the joined part of the cooling body 22 and the liquid cooling 
structure 21, and the cooling body 22 and the liquid cooling structure 21, as shown in drawing 6 (a), 
explosive bonding of the joined part of the cooling body material 22a before processing and the liquid 
cooling structure material 21a is carried out first, and the explosive-bonding joined part 25 is formed. 
As shown in drawing 6 (b) after that, the liquid cooling structure material 21a is processed, the 
cooling channel 27 is formed, and it is considered as the liquid cooling structure block 21b, and the 
liquid cooling structure block 21c is joined to this, and it is considered as the liquid cooling structure 

21. Furthermore the cooling body material 22a is processed, and it is considered as the cooling body 

22. Or as shown in drawing 6 (c), explosive-bonding junction only of the liquid cooling structure 
material 21a before processing and the charge 23a of an annular rim member of the cooling bodies 
may be carried out, and the explosive-bonding joined part 25 may be formed. As shown in drawing 6 
(d) after that, process the liquid cooling structure material 21a, and the liquid cooling structure 21 is 
formed, and it is good also as adopting the method of processing the charge 23a of an annular rim 
member of a cooling body, considering it as the annular rim part 23, joining the leg part 24 to this, and 
using as the cooling body 22. The annular rim part 23 and the leg part 24 are metal of the same kind, 
and weldbonding can be carried out easily. 

[0036] 

Since explosive-bonding junction of the joined part of the cooling body 22 and the liquid cooling 
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structure 21 is carried out, in spite of being a dissimilar metal joined part, a good joined part can be 
formed, and the contact interval of the touch areas can be further secured to about 100%. Therefore, 
the heat transfer from the cooling body 22 to the liquid cooling structure 21 becomes very good, and 
it becomes possible to reduce the temperature of the cooling body 22. 
[0037] 

The desirable embodiment about the shape of the cooling body 22 is described. 
[0038] 

A part or all of the cooling body 22 is the most preferred in their being silver or a silver alloy as a 
material which does not have the concern whose thermal conductivity pollutes melting liquid and a 
single crystal simultaneously highly as a material which forms the cooling body 22 as above- 
mentioned. 
[0039] 

According to the embodiment shown in drawing 1 - drawing 3 , the cooling body 22 has been arranged 
at the position which makes approximately rotational symmetry shape to the medial axis of the single 
crystal S which grows, and intercepts the radiant heat to the single crystal S from the crucible 3 or 
the melting liquid L, and is joined to the liquid cooling structure 21 in the upper bed part of the 
cooling body 22. 
[0040] 

The cooling body 22 comprises an embodiment shown in drawing 1 so that it may not interfere with 
viewing from the outside of the dissolved raw material side, and it may be inclined and provided from 
the liquid cooling structure 21 and a tip may estrange only said dissolved raw material side and 
prescribed distance. The touch area of the explosive-bonding joined part 25 of the cooling body 22 
and the liquid cooling structure 21 has an area almost equal to the cross-section area of a cooling 
body main part. 
[0041] 

The cooling body 22 consists of the leg part 24 in which it inclines, and is provided from the annular 
rim part 23 which enlarges a touch area with the liquid cooling structure 21, and an annular rim part, 
and a tip estranges only said dissolved raw material side and prescribed distance in the embodiment 
shown in drawing 2 . The cooling body 22 which carried out integral moulding of the annular rim part 
23 and the leg part 24 can be used. The annular rim part 23 is used as an independent member, and 
explosive-bonding junction of the joined part of the liquid cooling structure 21 and the annular rim 
part 23 may be carried out first, it may be considered as the explosive-bonding joined part 25, and 
the method of joining the annular rim part 23 and the leg part 24 after that may be adopted, the 
annular rim part 23 and the leg part 24 — metal of the same kind — since it is silver preferably, 
weldbonding can be adopted as both junction and a healthy joined part can be formed. 
[0042] 

According to the embodiment shown in drawing 3 , the cooling body 22 is made into cylindrical shape, 
and the touch area of the explosive-bonding joined part 25 of the cooling body 22 and the liquid 
cooling structure 21 has an area almost equal to the cross-section area of a cooling body main part. 
[0043] 

About the surface disposition of the cooling body 22, the thermal radiation which entered is 
absorbable by making black the inside of the cooling body 22 which counters the single crystal S. The 
outside of the cooling body 22 which counters the crucible 3 and the thermal shield 26 can be used 
as the surface where reflectance is high so that the thermal radiation which entered may be 
reflected. 
[0044] 

The desirable embodiment about the shape and arrangement of the liquid cooling structure 21 is 
described. 

In the embodiment shown in drawing 1 - 3, as the liquid cooling structure 21 of this invention, it is the 
shape of the water-cooled chamber of a doughnut shape, and the liquid cooling structure 21 is 
arranged between the side wall part of the middle chamber 2c, and the heating chamber 2a. 
[0046] 

In manufacturing the single crystal S first in the embodiment shown in drawing 1 - 3, The 
superstructure body which has the liquid cooling structure 21 which carried out explosive bonding of 
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raising chamber 2b, the middle chamber 2c, and the cooling body 22 is separated from the heating 
chamber 2a, The impurity used as the silicon polycrystalline substance used as a raw material and 
very little dopants is thrown into the crucible 3, and a superstructure body is again attached to the 
heating chamber 2a after that. It waits to heat the heating heater 4 in this state, and to carry out 
melting of the semiconductor material in the crucible 3. When a semiconductor material will be in a 
molten state, the wire loop wheel machine 1 1 is operated, it pulls up, the wire 8 is taken down, and it 
is made for the seed crystal 9 attached to the zipper 10 to touch the melting liquid L surface. If the 
single crystal S begins to grow up to be the seed crystal 9 in this state, as the wire loop wheel 
machine 11 is pulled up at the rate of predetermined and it is shortly shown in drawing 1 , the single 
crystal S will be grown up. 
[0047] 

According to the embodiment shown in drawing 4 , the liquid cooling structure 21 is a structure made 
from stainless steel of doughnut shape, and a cooling channel is established in an inside and it is held 
at low temperature by circulating through cooling water. The liquid cooling structure 21 is not being 
directly fixed to chambers, such as the middle chamber 2c. Therefore, the cooling body 21 by which 
explosive-bonding junction was carried out at the liquid cooling structure 21 and it may be attached 
to a fixed position, or can also be provided in shaft orientations so that a rise is possible. When the 
cooling body 22 is not needed in a heating process when fusing the semiconductor material prepared 
in the crucible at the time of the start of manufacture of the single crystal S and, it can constitute so 
that the liquid cooling structure 21 which joined the cooling body 22 may be formed so that a rise is 
possible, and it can remove from a heating region. As a rising and falling mechanism of the liquid 
cooling structure 21, the rising and falling mechanism of a statement is employable as the patent 
documents 4, for example. 
[0048] 

Next, the embodiment of the invention which has the thermal shield 26 on the periphery of the 

cooling body 22 is described based on drawing 5 . 

[0049] 

Generally, the thermal shield 26 is a product made from black lead, is formed in the gestalt which 
makes a little larger similar figures than the cooling body 22, and is allocated in concentric circle 
shape by the outside of the cooling body 22. In the example shown in drawing 5 , the cooling body 22 
and the thermal shield 26 are formed in the reverse conical trapezoid. The thermal shield 26 can be 
made into the integral construction of black lead. Or the thermal shield 26 can be made into 
multilayer structure, an inside can be filled up with a black lead sheet or a graphite fiber, and 
adiathermancy can also be raised. 
[0050] 

In the embodiment of the invention which has the thermal shield 26. The heat from the radiation heat 
source of the crucible 3 or heating heater 4 grade, The cooling body 22 is not heated by the elevated 
temperature, therefore the cooling body 22 which is intercepted by the thermal shield 26 made from 
black lead and the cooling body 22 by which cooling is carried out to the liquid cooling structure 21, 
and counters with the single crystal S does not act as a radiation heat source over the single crystal 
S, as a result of carrying out forced cooling. 
[0051] 

Also in which embodiment, the radiation light from the single crystal S enters into the cooling body 22 
which consists of high-heat-conductivity material in the process in which it is made to grow up 
pulling up the single crystal S from the melting liquid L, above. Since explosive-bonding junction of 
the cooling body 22 is carried out with the liquid cooling structure 21 cooled with the liquid 
refrigerant at this time and it is maintained at low temperature, the radiant heat exchange with the 
single crystal S becomes good, and it becomes possible to raise the cooling rate of the single crystal 
S. Since it can combine and the single crystal S under raising can be quenched, generating of the 
crystal defect of the single crystal S decreases extremely. 
[0052] 

The joined part of the cooling body 22 and the liquid cooling structure 21 of this invention 
manufactures a silicon semiconductor single crystal using the single crystal manufacturing installation 
which comes to carry out explosive-bonding junction, When a silicon semiconductor substrate is 
manufactured by being made from this single crystal and an impurity content heat-treats this silicon 
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semiconductor substrate for 1 hour or more in not less than 1000 ** a temperature requirement 
1300 ** or less in rare gas (especially argon gas) atmosphere of 5 ppm or less, The semiconductor 
substrate which has the quality DZ layer which reduced crystal defects, such as COP, still more 
nearly substantially can be manufactured. Before performing this heat treatment, the stable crystal 
defect reduction effect is acquired by the oxide film of a substrate face being 1 nm or less. In heat- 
treating, it is good to use the thermal treatment equipment which can establish a purge box in a heat 
treating furnace throat, and can set impurity concentration in the atmosphere of a throat to 5 ppm or 
less. 
[0053] 

About heat treatment using the above-mentioned rare gas, a silicon semiconductor substrate needs 
to heat-treat in 1-hour or more rare gas atmosphere in not less than 1000 ** a temperature 
requirement 1300 ** or less. The heat treatment temperature cannot fully perform defective 
reduction at less than 1000 **. If 1300 ** is exceeded, a rough surface will arise in a substrate face 
and it will become a device creation top problem. About heat treating time, it is about 50 percent, and 
since the reduction amount of crystal defects, such as COP, does not have a big defective reduction 
effect, 4 annealing hours or more are desirably required for it in less than 1 hour for 1 hour or more. 
As rare gas, argon gas of a price is industrial the most desirable at a low price in rare gas. 
[0054] 

It is required in order that it may reduce crystal defects, such as COP, effectively that an impurity 
content is 5 ppm or less as impurity concentration in rare gas atmosphere. Moisture, oxygen, 
nitrogen, etc. are mentioned as a typical impurity. If there are more impurity contents in these rare 
gas than 5 ppm, reduction of a crystal defect is not not only fully performed, but it will cause the 
rough surface of a substrate face. Since the case where air is involved in from a throat on operation 
of a actual furnace at the time of insertion into the furnace of a semiconductor substrate, and 
impurity concentration increases will be common even if it raises rare gas's own purity, Using the 
device which established the purge box or the load lock chamber in the throat for this prevention, 
before substrate insertion into a furnace, it is required the rare gas of 5 ppm or less of impurities and 
to make atmosphere in front of a furnace into argon gas atmosphere desirably. 
[0055] 
[Example] 
(Example 1) 

The silicon single crystal was raised using the single crystal manufacturing installation which has the 
cooling body 22 shown in drawing 3 . The silicon semiconductor material which a crucible diameter 
inserts in 22 inches and a crucible is 100 kg, and the single crystal S which grows is an 8-inch 
crystal. 
[0056] 

Using silver as a material in the cooling body 22, the inside diameter of the cooling body 22 of 260 
mm and an outer diameter is 300 mm, and length is 280 mm. As the liquid cooling structure 21, it was 
considered as the water-cooled chamber of the shape of an anchor ring which has cooling water 
piping inside, and had composition which attaches the liquid cooling structure 21 to the lower part of 
the middle chamber 2c. 
[0057] 

In example Noof this invention. 1, explosive-bonding junction of the joined part of the cooling body 22 
and the liquid cooling structure 21 is carried out. In comparative example No.2, the joined part of the 
cooling body 22 and the liquid cooling structure 21 is considered as soldering junction. In comparison 
cold No. 3, the joined part of the cooling body 22 and the liquid cooling structure 21 is made into bolt 
connection. 
[0058] 

The silicon single crystal was raised using the crystal growth device which has the above 
composition. Raising speed was measured under the same raising conditions, and wafer processing of 
the crystal pulled up was carried out, and COP density estimated the crystal defect of the wafer. 
[0059] 

COP performs SCI washing to a wafer using a penetrant remover (NH 2 OH/H 2 0 2 /H 2 0), makes the 

defect under crystal form as a pit, and detects the pit concerned as particle with a particle counter. 
A thing of 0.12 micrometers or more was counted as COP. Therefore, the foreign matter particles on 
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the conventional wafer are another. 
[0060] 

A result is shown in Table 1. About raising speed, the raising speed of comparative example No. 3 is 
measured as 1. The units of the COP number are an individual/wafer. By example Noof this 
invention. 1, as compared with comparative example No. 2 and No.3, raising speed increases and the 
COP number is decreasing substantially. 

Improvement in productivity was realized as compared with the former, and large improvement in 
crystal quality was able to be realized. 

[0061] 
[Table 1] 





No. 




(") 


copigjifc 

(^0.12#m) 




i 


mm 


1.3 


10 




2 




1.1 


18 


3 




1 


30 



[0062] 
(Example 2) 

The silicon semiconductor substrate (mirror wafer) was manufactured using the silicon 
semiconducting crystal raised in above-mentioned Example 1, and the impurity content carried out 
heat treatment of 8 hours at the temperature of 1 100 ** in argon gas atmosphere of 5 ppm or less 
using this silicon semiconductor substrate. 1 -micrometer mirror polish of the semiconductor 
substrate surface was carried out after heat treatment, and COP evaluation was performed about the 
surface after polish in order to evaluate the soundness of the DZ layer of a semiconductor substrate 
surface. After performing the SC1 same washing as Example 1, the thing of 0.1 1 micrometers or more 
detected by the particle counter was counted as COP. 
[0063] 

A result is shown in Table 2. As compared with comparative example No.2 and No.3, it is clear that 
example Noof this invention.1 the COP number in a DZ layer is decreasing. Thus, also when the 
silicon semiconductor single crystal manufactured using the single crystal manufacturing installation 
which comes to carry out explosive-bonding junction of the joined part of the cooling body 22 of this 
invention and the liquid cooling structure 21 improves the DZ layer soundness of a semiconductor 
substrate which performed heat treatment in argon gas atmosphere, it is very useful. 
[0064] 
[Table 2] 





No. 




COPfH^C 
(^O.lljtm) 




i 


mm 


40 




2 




50 


3 




65 



[0065] 

[Effect of the Invention] 

The cooling body which cools the single crystal which is a single crystal manufacturing installation 
which manufactures the single crystal of a semiconductor by pulling up gradually after carrying out 
melting of the semiconductor material within a crucible and making a seed crystal immersed into this 
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melting liquid in this invention, and grows, Having a liquid cooling structure joined to a cooling body, in 
the single crystal manufacturing installation which consists of high-heat-conductivity material, a 
cooling body considers the joined part of a cooling body and a liquid cooling structure as explosive- 
bonding junction. 

Therefore, the thermal performance in the joined part of a cooling body and a liquid cooling structure 
can fully be secured, and reduction of the crystal defect by the improvement in the productivity by 
the rise of raising speed and the rise of the cooling rate of a single crystal can be realized. 

[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view showing the single crystal manufacturing installation of this invention. 

[Drawing 2] It is a sectional view showing the single crystal manufacturing installation of this invention. 

[Drawing 3] It is a sectional view showing the single crystal manufacturing installation of this invention. 

[Drawing 4] It is a sectional view showing the single crystal manufacturing installation of this invention. 

[Drawing 5] It is a sectional view showing the single crystal manufacturing installation of this invention. 

[Drawing 6] It is a figure showing signs that explosive-bonding junction of the joined part of a cooling 
body and a liquid cooling structure is carried out, and (a) and (c) are immediately after explosive- 
bonding junction figures in which (b) and (d) show the situation after processing. 
[Description of Notations] 

2 Chamber 

2a Heating chamber 
2b Raising chamber 
2c Middle chamber 

3 Crucible 

3a Quartz crucible 
3b Graphite crucible 

4 Heating heater 

5 Axis of rotation 

8 Raising wire 

9 Seed crystal 

10 Zipper 

11 Wire loop wheel machine 

12 Thermal insulation 

13 Gas inlet 

14 Gas exhaust 

21 Liquid cooling structure 

21a Liquid cooling structure material 

22 Cooling body 

22a Cooling body material 

23 Annular rim part 

23a The charge of an annular rim member 

24 Leg part 

25 Explosive-bonding joined part 

26 Thermal shield 

27 Cooling channel 
S Crystalline 

L Melting liquid 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 2] 
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[Drawing 3] 
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H2teJje**JStt#JB(c*JVvtli. }^fr2 2li, «fcfieitt2 lfc<oiSHfiin*Sr±&< 

39 k W^IEK^f ttfitBW-4 V -y 2 4 k T V>£ . Sstf U AgB2 3 k V y ?U 2 

4k£— #J&gL3ti$Jntt2 2SrfflV^ifc^-C§§. WR»JASS2 3*IMroai 

«t u *-f»«n«t*2 1 k»«u^ai2 3 fc<o«^as-»*s^LT»«»^ai2 5 

VJ>%l23tU>v7&2 4ti±mm&m. W± L Mt«^M 
[0042] 

03t^i-^M^0®T-|±. Jftaiflc2 2 £R»Mt U #aiffc2 2k?£?£f&3ttt2 1 k 

<mm%&>&2 5<nmfmmte. <%%ifc*ik<vmmkmmL^mmttLx^& . 

[0.0 4 31 

<S2Bffc2 2«aE85tt«tCOV»Ttt, WftSt:3t|*rr*?*S]ft2 2?)F*Hi8£JI<-r£C: k 
-TS?^J|1#2 2«)*MHtt. AjtLfcf>Mfc»SrRfltf-& J: -5t=K»*<»5WV«lfi:-r«i k 
[0 0441 

?£#f§ii#2 1 • ESHcBIW-*** U^J^^fflfc^vvtSKlif-*. . 
[004 5] 

mi—3.iZ7Ktmn<mmtzii^xii. ^m^>m<^mm^2 1 tbx. k— "*-'ys*>* 

>V N'cOff^T'* 0 , ftHffltilft 2 1 fi^fS^ t^2c <OflMt»k JO}»f-v >^ 2 
a k ^HffcgSS $ ft-T V> h . 
[004 6] 

llll~3fc^-^Sg^ffiT'{i. t-r. M&shszmm-r&izfot^x . 3IS-htf-f-ir>' 
A 2 b k * c k #£]ffc2 2 Lfc»#«Bft*2 1 k S±3W8i§# 

****** W<2 a*»fc4tttU jV>VX3t,zffi.Wb%&is0 3y^ghfat#mm3L<O 

0 W? h . -r toflcffl-ciHfflfet - ^ 4 *Jn«t lt #3 & tf> £ 

-< -\r 8 L, ft7 ? 1 0 0 Wt&ft.afc8MS* 9 aWSJttiaLSiBCSrt-* i 0 £ 

*fm<7)mmx'5\$±.i?'xm 1 c^-r <t a (cii^ns £&m*-£x^< . 

[0047] 

«c2 l{i:4'ra^-v>>' , N'2c^c7)^ J5 '>'>'^aygia^$fL-CV^V'>. fct. 7&$8£iif*2 
1 atX -?-ft(c*i#tf its- Sfifc i-ftSlft 2 1 li . ffljfcttKfcK DtfttT *> i ^ U £> 5 ^ 

ztmikiiffl&ffltt&k** *tziimi:nizt3^xftim2 2ifi&mbZix%^t&£\z\i 

. #3]ft2 2£Jg£LK:?S#*tiift2 1 *±#^i^igKta»trft«Siatfb&»'?>l»*"C'S*J: 5 
[0048] 
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[0049] 

m»2 6 a— mzizm®wx'$> o . ^»fc2 2 «t k> z v ^am^-rmm^z 
ffi&zix. i$iNb2 zmmizm-bPimzmztiz > ms^-trnxa. &*n(*2 2. 
?&m&2 6ti> iz&piMsmzmf&ztix^z . fmmm e i±Bmsc>-fct% : &t-t& 
ctm^. s>^M±^Mm»26i^mwmb u ^zm^>-h^m^m^myt. 

[00 50] 

frbnmz. ms&ginmmfc 2 e t , 2 1 tzimsixzissifc 2 2 1 iz x -> 

TiSfflt$*U *^m^B a B SfcM^i-2»?%ai*2 2{i!i^ifI$tli.^> #S]flc2 2#,ih 
[00 5 1] 

feLhV>-m^HJte^!ll.{c*S V^T . jgBgg LA»6 #%A s £ §1 » _Uf 

C0kSft*Pflc2 2{4. ?m^TJ&a3$tU:^*S5SHs2 lfc^g^-^fLttJO. fiiS 

[00 5 2] - 

*SHH<0, ^1*2 2fcJR»«JS«c2 1 tcn>m^tfmmmiz2iiX%&%-i££kWmE. 

zm^x >¥3M**&A&£Ba l . znsmstzm&t vx ^ y ^ 

Matt. .TOv-y ^ y*»«c«R?&^a!ft**A3&» 5 P P m£lT*>*#X (iff KT^'V 
#X ) 10 0 0"CkLL 1 3 0 0-cmTi0^^HT 1 ^laum&MS-*-* £ t 

{Cj; 9 , CO P^tf«&fkKW£ £ 4fc*fiKH9S t/ciatPaW^rD zm£^CtZ i m#2£& 
Zmtt2>Z.bij i X'£&. ^(omm^'ffom^z. mK£m<?Mi\Mt:l nmtlTWI. 

juwnfcyc— y#7 ^^$-i§tt. ippiofiffifc^^FttSjai** 5 p pmWTkrrs <r 

i: #W *JR8SSSKB*JBv*S fc 4.^. 
[00 5 3] 

±e«^*ffl^4S»!!afco^Ttt. y'jn y^mwmmt i o o o-cixl noo-c 

14 1 0 0 OXlfrffiX'&Xmf&ffift-i-ftlZTZ*^. ttz. 1 3.0 OXlZMtZ tWmffi 
[00 54] 

g*&i:#*lf £>ft.&„ Iiik##X*^&fe^:fc9 ? 5 p p mi , &fi£fig 

riw^#H^*TM ! tS5 p p mJaT^ft^s. M£ L<iiT)\sa'^tfxmmmzi-&Z t 

i?<mx'h&. 

[0055] 
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(mmi) 

tz. ^yjfflWHi 2 2 -f Vf, ^^Jiftcjf A"f £ y'J^ y^tt*mti 1 0 0 k g 0 
s jMW- 5 s (i 8 W y *ttA-?fc £ . 

[00 56] 

^Sl#:2 2fcl±WBfc LTil£W>. <$W&2 2<7)ft&l±2 6 0 mm. ?K§ii3 0 Omm 
. *$ti2S0mmT'S>i». Jg^«itf*2 1 fc Lttt. l^lC&Sl*S»£:fi^5 K--*- 
y»ttO*J(^-r^— fc.t, 4»ia**>^-2c<OTawail»«3i*2 1 frttfltfftS 

COO 57] 

* . J*»JN o . 2 tefe WCIl. ^fflft 2 2 fc?gtfMSjl#:2 1 fc Og^Sr{^/Sf+^ 
t LT^S. Jrb^N o . 3fcfcWCliU ^fft2 2 fcifc?#igjHfc2 1 fc^SP^ffl**^ 

[0058] 

It, ^*w\«ofefi^£cOP«JKfcJ:-->TSttLfc. 
[00 59] 

=5r±>. COPIi. ffi$i8. (NH 2 OH/H 2 0 2 ' /H 2 O) VX*7 x -^iZ S C 1 

KfcAC— r-f rJ'/t'i LT&ajLfckOT'&S. 0. 1 2,amyji<9k<0£COPfc LT# 
[0060] 

o. 2, no. 3timt, ?\%±ffi®gtfmtt&ti&£copMm s *mtz ! ®'j>-'i,T 

[0061] 
[«1 3 





No. 




3s ^ 
(-) 


copjii^: 

(^0.12;< m) 
im/V^— '<) 




i 


mm 


1.3 


10 




2 ! 




1.1 


18 


3 . 




1 


30 



[00 62] 

jSteMJU+ri i oo°c^as-esB#^s?t?fis^W£L^. ¥##£issflg<oDzjg 

SM(cov^TCOPi¥fiBSrff-9/L-. gfigHl fcH««)SC lfcf!»£ff /t— r-f ? 
^■>>-^-t3j:oT^ai$it^0. 1 lumULkcoijCDZCOPt LXtiV^h L^. 
[0063] 

*&H£3t2<Cj5c$-. MQIMNo. JtKOTN o. 2. No. 3fcJt!2U DZfrt 
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[00 64] 
[f£2] 





j 

no. i m&Jjfe 


copflife 

(^0.11 Mm) 




i 


40 




2 tt/i^tt 


50 


3 


65 



[0065] 

*m*m. mgimmzwtfftTmmzit. ^<r>mmm^zm^^mm^xtp^ 
«\,z^\%±.w hz. tiz^x^m^^^m^t&^^mmmmxh^x . j&st- 

tizx <%mttm^mm^t<^m^mic^^imm^-]r^zm^'t^^t^x^ 
im2] ^mift&m£ , B mmimz^-twffimx-2>&. 

[H4 ] *^a3i0^.fS B e B ^t^a^^i-ffiMllT-&^. . 

[in 5 1 im*n<nm&gMymm*^mmmx*b&, 

me ] 7g^5t*fc <o^ai&^^-^-rs»^ $r^-filT^ 9 > ( a ) ( c 

) im^tg-&\M.m. ( b ) ( d ) fiiQXf^(£&$:^-#12T-&£ „ 

[flr^-coiftBJI] 

2 f-vVK 

2 a SiL^-v^N' 

2 b 3l£±if3~*>'* 

2 c 

3 ;u-y^ 

3 a E^IXVjK 

3 b H$S;i^y7fC 

4 Jn^t-? 
5 

8 3l£±lf7-f J f 

9 a&A 

10 f-v *y ? 

11 V-f^^iff^ 

12 l»J 

1 3 #^AP 

14 fixfflmn 

2 1 >£?$}&Ife 
21a a*#ffi5tffc#£f 
2 2 HtfH* 
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2 2a 

23a mwj^mzm 

2 4 

2 6 MifiSHc 

2 7 

s @Aft 



[01] [|M2] 




2^ A)£i?*>v< 


1 0 






I 1 




2 c sWKj i f-r>'< 


I 2 




3 a ^^JU y# 


L 3 




3 b 


1 A 






2 1 






2 2 






2 5 






S 






L 
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iiiamftfij&mm 3434 7 y # - • ix r -ssc^tt^ 

F?-A(##) 4G077 AA02 BA04 EG19 EG25 



